Abstract
INTRODUCTION
Calprotectin is a cytosolic protein of mucosal neutro phils of the colon and small bowel that are extruded into the gastrointestinal (GI) tract when neutrophils undergo apoptosis [1] . Fecal calprotectin (FC) levels can be measured quantitatively in the stool from patients with mucosal inflammation in the bowel wall as seen in active inflammatory bowel disease (IBD) [2] . In fact, FC levels have been shown to be closely correlated with endoscopic evidence of mucosal inflammation in the intestine [3] . FC is a simple, noninvasive test that can be measured with an ELISA or a rapid detection device.
Calprotectin has previously been shown to be a reliable marker of mucosal inflammation and several studies have explored the use of FC to distinguish the symptoms of irritable bowel syndrome (IBS) from IBD [4, 5] , to monitor response to therapy in patients with known IBD [6] and to assess for mucosal healing [7] . Furthermore, recent studies have evaluated the ability of FC to predict disease flares in patients with IBD in remission [810] as well as in the surveillance for post operative Crohn's disease (CD) recurrence [11] . While the use of FC in clinical practice is increasing, there are limited studies that have looked at the physician experience and perspective of the use FC for the differentiation of GI symptoms as IBS or IBD, as well as for the assessment of IBD activity. This study evaluated the impact of FC test results in the setting of the aforementioned indications on the medical management of patients and the need for colonoscopy in an outpatient clinical cohort, as well as patient outcomes stratified to FC test results.
MATERIALS AND METHODS

Patient population
This was a multicenter, prospective cohort study including adult community and academic gastroen terology practices in British Columbia (BC), Canada. Gastroenterologists who had an affiliation with the University of BC (UBC) were invited to participate. Clinicians identified patients for whom FC was consi dered to be an appropriate next step in diagnosis and/ or management of symptoms. Patients with known ischemic colitis, infectious enterocolitis or colorectal cancer or who were pregnant were excluded. Other exclusions included a history of extensive bowel resection (subtotal colectomy or more than three bowel resections), an ostomy, an ileoanal pouch, concurrent daily use of nonsteroidal antiinflammatory drugs or the inability to collect a stool sample and return it within three days.
Eligible patients were invited to enroll by the attending gastroenterologist during clinical care from February 2012 to August 2013. Written informed consent was obtained and patients were provided with the Easy Sampler™ stool collection kit and written instructions regarding collection of a first morning stool sample. Five to 15 g of stool were collected and processed within five days of collection.
The stool samples were prepared and analysed according to the manufacturer's instructions using the BÜHLMANN Quantum Blue™ Calprotectin kit (BÜHLMANN Laboratories AG, Schonenbuch, Swit zerland). All samples were processed by a trained research assistant at the Gastrointestinal Research Institute in Vancouver, BC. FC levels were expressed as micrograms per gram of feces with a range of 100 to > 1800 µg/g. Physicians were informed that a FC level of > 250 µg/g was considered indicative of inflammatory activity, however it was at the discretion of the individual treating physician as to how to incorporate the FC result into patient management.
Data collection
After enrollment, but prior to receiving the FC result, the attending physician completed an online "presurvey" using an internet based survey tool (Survey Monkey Inc., Palo Alto, CA, United States) (Supplementary Material 1). The baseline survey captured demographic data as well as any history of IBD, the indication for the test, concurrent investigations being ordered and current management of the symptoms.
During completion of the survey, the physician indicated the clinical scenario for FC testing, with the use of the following categories: (1) differentiation of GI symptoms between IBS and IBD in the absence of a known diagnosis of IBD; (2) differentiation of symptoms in patients known to have IBD; (3) assessment of response to therapy in a patient with IBD; and (4) objective marker of disease activity in a patient with IBD. Categories 3 and 4 were separated in the survey to clearly identify the indication for the test, however were subsequently combined as the indication of inflammatory disease activity assessment to aid with analysis. The FC result was then sent to the physician and the physician completed a "postsurvey" using the same internet based survey tool (Supplementary Material 2). This survey was designed to assess the impact of the FC result on the diagnosis and management of the patient's symptoms. Outcomes according to survey responses are presented within Results under the subheading survey analysis.
The two surveys had not been used previously but were piloted by the primary investigator to ensure ease of use and that the surveys represented the actual management decisions of the physician. During the study, 20 patient charts were audited to ensure that the information in the survey accurately reflected the patient management.
Validity of the postsurvey was further ensured by follow up of a subset of patients to determine if there was a deviation from the management proposed in the postsurvey response. In particular, colonoscopy occurrence within six months following FC collection was considered relevant with respect to reliability of colonoscopy deferral indicated by postsurvey responses. For this subset of patients, medical records were retrospectively reviewed in November 2015, enabling followup extending to 26 mo after the final postsurvey submission. Findings are presented in Results under the subheading of followup analysis.
To gain insight into the predictability of FC for future IBD outcomes, within the aforementioned patient subset, clinical events in the twelve months following obtainment of FC were also considered, in particular the need for steroids, immunomodulators, biologics, hospitalization or surgery.
The primary outcome was the frequency with which the FC result resulted in a change in the management of the patient as indicated by the pre and post surveys. Secondary outcomes included the deferral of colonoscopies as a result of the FC level, the proportion of events for which the physician found the FC level to be useful in the care of the patient and the association of the FC result to subsequent clinical, endoscopic and/ or radiological outcomes.
The primary outcome of change in management was analysed according to a positive result being > 250 µg/g in addition to > 100 µg/g, given the heterogeneity in the indication for FC in the study cohort as well as the uncertainty in the current literature relating to what is considered a "positive" and "negative" FC. Within the follow up subset, a FC result of > 100 µg/g was considered positive.
Statistical analysis
As this pilot study was predominantly descriptive in nature and not designed to test a specific hypothesis, no sample size calculation was performed. Using the Ethics approval was obtained from the Providence Health Care and the UBC research ethics board and the trial was registered at ClinicalTrials.gov (NCT01676324). All of the authors had access to the study data and reviewed and approved the final manuscript.
RESULTS
Baseline patient demographics
Seventeen gastroenterologists from eight different community and academic centers throughout BC distributed a total of 373 test kits. Seven of the 17 gastroenterologists were from academic centres. Two hundred and ninety (77.7%) kits were returned for
The patients ranged between 19 and 79 years of age. One hundred and ninety (70%) were previously known to have IBD; 147 (77%) with CD, 43 (23%) with ulcerative colitis and 5 (3%) with IBD unclassified. The number of FC tests for each indication group were: 1.90 (32.2%) to differentiate a new diagnosis of IBS from IBD; 2.85 (30.5%) to distinguish GI symptoms due to active inflammation from IBS in those known to have IBD and 3.104 (37.2%) as an objective measure of disease activity in IBD. Of the 83 samples that were not returned, the indication for the test was to distinguish a new diagnosis of IBS from IBD in 31.3% (26/83), to assess abdominal symptoms in patients known to have IBD in 28.9% (24/83) and as a measure of inflammatory disease activity in 39.8% (33/83).
Survey analysis: Impact on patient management
Overall, FC test resulted in a change in management 51.3% of the time (143/279) according to the physician response to the postsurvey. Table 1 shows the breakdown of the impact of FC on patient management based on the indication for performing the test, the disease type, the disease location and current treatment. Specific management decisions following receipt of FC test result are shown in Figure 1 . When using either a cutoff of 250 or 100 µg/g, patients were significantly more likely to have a change in management when the FC result was positive (250 µg/g, P < 0.0001 ( Figure 2 )) (100 µg/g, P = 0.0009).
Survey analysis: Impact on colonoscopy
For 142 patients, the physician reported that if the FC test was not available, they would have performed a colonoscopy. After receipt of the FC result, a colon oscopy was planned according to the postsurvey responses for 20 patients resulting in 122 colonoscopies (86%) that were not performed in favour of performing a FC test. Conversely, for 137 patients, a colonoscopy processing resulting in 279 fully completed surveys. Of the 279 patients who returned the kits for processing, 177 (63.4%) were from academic centres. was not planned, however, after receipt of the FC result, 4 patients underwent a colonoscopy as per the postsurvey responses. Combining these two groups, there was a significant reduction in the total number of colonoscopies performed (118) due to the availability of the FC test (P < 0.001) (Figure 3 ).
Survey analysis: Impact on medical therapy
A change in medical therapy was planned for 36 patients, however, only six patients had a change in medical therapy after the physician received the FC result. Of the 243 patients for whom no change in therapy was planned, 41 underwent a change in their therapy after the FC test. For 60% (28/47) of the patients who underwent a change in therapy after the FC result, this change involved the initiation of a biologic (Infliximab or Adalimumab).
Survey analysis: Overall utility
Physicians reported the test to be sufficiently useful 97.5% of the time and to the extent that they would order it again for a similar patient in a similar clinical situation. For the seven cases when the test was not felt to be useful, three FC results were greater than 250 µg/g (454, > 1800, > 1800) and four less than 250 µg/g (< 100, < 100, 150, 233). Whether or not the FC level was positive (with either a cut off of > 100 or 250) did not significantly impact whether or not the physician found the test to be useful (P = 0.4281 for > 250 µg/g; P = 0.1405 for > 100 µg/g).
Follow-up analysis: Impact on colonoscopy and medical therapy
Medical record review was possible for 210 of the initial 373 patients recruited to the study. All of these patients had been recruited from an academic referral centre. For 172 of these 210 patients, FC testing and surveys were completed. (Figure 4 ) Of the remaining 38 patients who did not complete study FC testing, 31 patients were known to have IBD. Four of the 38 patients had endoscopic investigations instead at the discretion of the treating physician, while seven patients did not return for follow up after the initial recommendation for FC testing. Review of available medical records for the 172 patients within the follow up subset indicated that for 33 patients there was deviation from the intended management that had been stated in the postsurvey response. Accordingly, when considering the impact of FC on occurrence of colonoscopy, data pertaining to the number of colonoscopies that occurred in the six months following performance of FC within this follow up subgroup was analyzed. As indicated by the pre survey, the physicians reported that for 95 patients if the FC test was not available, they would have performed a colonoscopy. After receipt of the FC result, colonoscopy occurred in 24 of these patients over the subsequent six months and hence 72 colonoscopies (75%) were not performed as a result of the use of FC. Conversely, for 77 patients, a colonoscopy was not intended, however, after receipt of FC result, 11 patients underwent a colonoscopy. Combining these two groups, similarly to the original cohort analysis, there remained a significant reduction in the total number of colonoscopies performed (P < 0.001).
A degree of deviation between postsurvey response and actual therapeutic management was detected during the followup analysis. Despite the postsurvey responses indicating initiation or modification of medical therapy for 36 patients, this did not end up occurring for ten [therapy not initiated (8) ; not ceased (1); different immunomodulator started (1)].
Follow-up analysis: Impact on patient outcomes
Within the follow up cohort, 50 patients had undergone FC in the absence of an established diagnosis of IBD. Forty one patients had a FC result < 100 µg/g of whom eight subsequently had normal endoscopic assessment. Of the remaining 33 patients with a FC < 100 µg/g, there have not been subsequent presentations and/or assessments to suggest an alternative diagnosis to IBS since the FC testing. While for a proportion of patients there has been no further follow up at the academic centre since FC testing, this was considered likely to be reflective of no further clinical presentations given the nature of patients to be referred back to the same academic centre within the region. Of the remaining nine patients with a FC result > 100 µg/g in whom a diagnosis of IBS or IBD was yet to be established, four had abnormalities on subsequent investigations, while five have not had further inves tigations or presentations.
Within the IBD Cohort, 55 patients had a FC result < 100 µg/g. Of these patients, colonoscopy had been deferred in 24 following receipt the FC result. In 22 of these 24 patients there were no significant clinical outcomes recorded in the following 12 mo. One patient required surgery due to to small bowel obstruction attributable to adhesions, and another patient had a CT enterography demonstrating active ileal disease for which an an antiTNF agent was commenced. Of the remaining 31 patients with a FC < 100 µg/g, two patients had discordant findings endoscopically. One patient was found to have active ileocolonic disease within six months, however there had been recent antiTNF cessation and another patient had endoscopic detection of active ileal disease in the setting of postoperative recurrence surveillance, and was recommenced on antiTNF therapy.
Of the 67 patients with a FC result > 100 µg/g, when reviewing the available medical records, there were clinically relevant outcomes over the following six months in 37 patients with either a need for steroids, immunomodulators, biologics, surgery or a combination of such management. Such changes had been captured in 23 of the postsurvey responses.
DISCUSSION
The role of FC in GI disease assessment is continuing to evolve since it was first described in 1980, with such evolution including the indications for which FC is considered useful, as well as what defines the appropriate cutoff level. Accompanying such progression is ongoing debate as to the reliability and clinical significance of this biomarker.
Given persistent contention regarding the appli cability of FC, this study aimed to systematically assess physician opinion of the utility of FC in the clinical management of patients with either suspected IBD or IBS or established IBD. Our results resonate the previously described utility of FC in this area of gastroenterology, with responding physicians indicating 97% of the time the test was sufficiently useful [5, 12] . Furthermore, the FC test impacted patient management more than half of the time with the greatest impact being an 86% reduction in the number of colonoscopies performed. Seventeen percent of patients had a change in their medical therapy as a result of the FC test and for 28 (60%) of these patients that change involved the initiation of a biologic. Such findings exemplify the high degree of utility of FC that was expressed by the study gastroenterologists.
There is mounting evidence that treatment of patients with IBD should be to a target of mucosal healing [6, 10, 13] and not simply improvement in symptoms.
This is due to a lack of correlation of symptoms with IBD activity, particularly for patients with CD. In the current study, 35 of 41 patients underwent a change in medical therapy for IBD after the physician received an elevated FC, implying that such patients were likely clinically quiescent and hence initially no change in management was planned. However, receipt of the positive FC result resulted in a modification of therapy inferring that the goal of therapy was a reduction in mucosal inflammation and not just an improvement in symptoms, while also is likely reflective of the physician trust in FC as a marker of disease activity. As physicians gain more experience and confidence with FC results, one can anticipate even higher rates of change in medical therapy based on FC results.
Follow up of patient outcomes for a subgroup of the study population indicated that receipt of a FC result continued to minimize the need for colonoscopy for at least six months following completion of the post survey, with 74% of the initially intended colonoscopies remaining deferred. Furthermore, follow up data also provided reassurance for the sensitivity of FC value of < 100 µg/g in the differentiation of IBS from IBD, with no suggestion of alternative diagnoses to IBS during follow up. However, a threshold of a FC result of 100 µg/g was at the expense of sensitivity, with five patients with a FC result greater than 100 µg/g continuing to have the most likely diagnosis of IBS during follow up. Previous studies have considered the diagnostic accuracy of FC levels to differentiate IBD from IBS, including Kennedy et al [5] who reported a sensitivity and specificity of 96%
and 87% respectively when a FC threshold of 100 µg/g was used in an outpatient cohort of 895 patients. Within our follow up subgroup, a clinically significant change occurred in 55% of patients with IBD who had an elevated FC above 100 µg/g, which is consistent with several studies demonstrating the utility of an elevated FC for predicting clinical flare in IBD [810] . Finally, the finding that a proportion of patients with a normal FC were subsequently found to have active small bowel disease is reflective of the known limitation of FC in this setting.
Targeting treatment to objective measures of disease activity in our current cost conscious envi ronment is a very challenging task. An accurate and inexpensive marker of luminal inflammation such as FC may play a critical role in achieving targeted therapy. Overall, 118 colonoscopies were deferred as a result of the FC test in the current study. Previous studies looking at the cost of colonoscopy have estimated the costs to range between a low of $352 in Canada to a high of $2146 in the United States [14, 15] . The Canadian data is now approaching ten years old and taking the average cost reported in this study and adjusting for cost increases and inflation, one could conservatively estimate the cost to be at least $500 in Canada. This represents nearly $50000 saved on colonoscopy alone with the use of FC testing and does not consider any savings from optimization of medical management for patients with IBD (reduction of surgeries or hospitalization). Another study has also shown FC to be cost effective as a screening tool for IBD in both adults and children when the pre test probability was ≤ 75% and ≤ 65% respectively [4] . Limitations to this study include potential bias created by patient inclusion being solely dependent on the discretion of the involved physician. This accordingly has contributed to a heterogeneous patient population and is reflective of the limited guidance regarding the most appropriate use of FC at the time of study design. Given this was a reallife study, there was also unavoidable potential for inclusion of patients with coexisting undiagnosed conditions that could influence the FC level such as colonic polyps or additional immunologically driven digestive disorders. Another potential source of bias is that more than 20% of patients did not return FC samples. However, such patients were similarly distributed across the indications for the test suggesting that this did not influence the patient's decision to carry out the test. It is acknowledged that questionnaires were not previously validated although a degree of quality control was performed during the study to endeavor to ensure that the surveys accurately reflected the clinical practice of the doctors, with initial perusal of 20 surveys, and then a further follow up of 210 patients. The considerable duration of followup possible for the latter patients did enable adjustment for variation between what had been indicated by the physician on the postsurvey response and what actually occurred.
Finally, at the time of initial study design, a FC level of 250 µg/g was considered appropriate for analysis of outcomes, however at the time of follow up analysis in 2015, a level of 100 µg/g was considered more appropriate. The "grey zone" between 100 and 250 µg/g and the accompanying need for additional investigations, particularly in IBD was highlighted in the recently published clinician guide to using FC to identify and monitor disease activity in IBD [12] . In conclusions, FC is a simple, noninvasive test that is gaining widespread use in the diagnosis and management of IBD. This is the first Canadian data evaluating the role of FC in clinical practice, with demonstration that physicians find FC testing to be very useful not only for managing patients known to have IBD, but also to diagnose IBD in those with GI symptoms. This study also demonstrated the potential of FC to generate substantial cost savings to patients and the healthcare system in general. While the study was not designed to statistically assess clinical outcomes according to FC result, the descriptive findings are in concurrence with recommendations that FC can be used to differentiate between IBS and IBD, as well as be a guide to optimizing IBD therapy. It is hoped that studies such as this in addition to ongoing FC research pursuits will provide ongoing impetus for the availability and affordability of FC to clinicians and patients to be considered a priority by health service administrators.
COMMENTS
Background
The importance of objective, non-invasive assessment of luminal gastrointestinal (GI) symptoms in the diagnosis and management of inflammatory bowel COMMENTS disease (IBD) is gaining increasing recognition. One strategy to meet such a need is the use of the biomarker, fecal calprotectin (FC).
Research frontiers
There is expanding literature regarding the use of FC, including differentiating symptoms of irritable bowel syndrome (IBS) from IBD, to monitor response to therapy in patients with known IBD and in the surveillance for post-operative Crohn's disease recurrence. Nonetheless, there is limited knowledge regarding the perspective of physicians using FC in the diagnostic and management algorithms for IBD with respect to potential impact on patient management.
Innovations and breakthrough
The authors present the findings of this study which considered the perceived utility of FC within an academic group of gastroenterologists. Physician perspective was obtained through the use of on-line surveys, while medical record review occurred in addition to this to determine clinical outcomes following FC testing. Faecal calprotectin was considered to have an impact on patient management in at least 50% of clinical circumstances in which it was used, including a reduction in the number of colonoscopies performed. Furthermore FC results and subsequent clinical outcomes provided support for the use of such a test in the differentiation of IBS from IBD as well as guiding therapeutic decisions in IBD.
Applications
This study supports the use of FC in clinical gastroenterology practice for the assessment of luminal GI symptoms to enable the differentiation of IBS and IBD and in the management of established IBD. This study also prompts further consideration of the potential cost-saving benefit of FC.
Terminology
FC is a cytosolic neutrophilic protein in the mucosa of the colon and small bowel which is released as a result of apoptosis. It can be measured quantitatively in the stool from patients with mucosal inflammation in the bowel wall as seen in active IBD.
Peer-review
The implementation of FC in clinical practice is a topic of importance and interest to the gastroenterology and wider primary care community. This manuscript is well written and the methodology, whilst imperfect, has characterised the role of calprotectin well in real world practice, showing a potential benefit in terms of cost reduction by reducing number of colonoscopies in this group.
